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(57) ABSTRACT 

An apparatus and method for the production of ophthalmic 
lenses, and particularly contact lenses, Which minimizes 
damage of the lens in removal from the mold. The oph 
thalmic lens is produced in a mold having a male part and 
a female part that are placed in proximate relation to each 
other to create a lens-forming cavity. At least the female 
surface of the female part mold is preferably coated With 
plasma and is irradiated for a predetermined time such that 
the female surface and/or surface coating is at least partially 
cured. Once the female surface, and alternately the male 
surface and other surfaces of the mold, is at least partially 
cured, a curable lens-forming material is placed into the 
lens-forming cavity and cured to form an ophthalmic lens. 
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APPARATUS AND METHOD FOR THE 
PRODUCTION OF OPHTHALMIC LENSES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention generally relates to an apparatus and 
method for the production of ophthalmic lenses. More 
particularly, the present invention relates to the treatment of 
a mold Which produces an ophthalmic lens, such as a contact 
lens, to minimiZe damage to the lens formed Within the 
mold. 

[0003] 2. Description of the Related Art 

[0004] Contact lenses can be manufactured economically 
in large numbers by the so-called mold or full-mold process. 
In the molding process, an ophthalmic lens is manufactured 
into a ?nal form betWeen typically male and female mold 
shapes, With no additional ?nishing Work on the surface of 
the lens or the edges of the lens. KnoWn ophthalmic lens 
molding processes are described in, for example, PCT patent 
application no. WO/87/04390 or in EP-A 0 367 513. 

[0005] Acontact lens produced from a male-female mold 
ing process typically has little mechanical stability and a 
Water content of more than 60% by Weight. The geometry of 
the ophthalmic lens is speci?cally de?ned by the cavity 
betWeen the male and female mold halves. The geometry of 
the edge of the ophthalmic lens is de?ned by the contour of 
the tWo mold halves in the area Where they make contact. 

[0006] In the manufacture a polymer contact lens, a pre 
determined amount of a semi-viscous polymeric material is 
placed in the female mold half and the mold is closed by 
placing the male mold half proximately to the female mold 
half to create a cavity having a desired siZe and cavity for a 
contact lens. Normally, a surplus of polymeric material is 
used so that When the male and female halves of the mold 
are closed, the excess amount of the material is expelled out 
into an over?oW area adjacent to the mold cavity. The 
polymer material remaining Within the mold is polymeriZed 
or cross-linked With the delivery of radiation thereto through 
UV light, heat action, or another non-thermal methods. 

[0007] In US. Pat. No. 5,508,317, a neW contact lens 
material is described as representing an improvement in the 
chemistry of polymeriZable starting material for the manu 
facture of contact lenses. The ’317 patent discloses a Water 
soluble composition of a prepolymer Which is ?lled into the 
mold cavity and then the composition is photochemically 
cross-linked. The prepolymer has several cross-linkable 
groups Whereby the cross-linking is suf?cient to create a 
?nished lens of optical quality Within a feW seconds Without 
the necessity for subsequent extraction or ?nishing steps to 
the contact lens. The improved cross-linking chemistry of 
the starting polymeric material of the ’317 patent permits the 
manufacture of contact lenses at considerably loWer cost 
than the hitherto methods Which thus makes it possible to 
produce disposable contact lenses that are discarded by the 
user after a single use. 

[0008] Another process of using the prepolymer to manu 
facture a contact lens is disclosed in EP-A-0 637 490 Which 
describes a manufacturing process for contact lenses With 
the prepolymer described in the ’317 patent. In the 490 
reference, the polymeric material is ?lled into a mold 
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comprising tWo halves placed in proximate non-touching 
relation to create a thin circular gap betWeen the halves. The 
circular gap is linked to the mold cavity such that surplus 
lens material can ?oW aWay from the mold cavity into the 
gall 

[0009] The molds for the ophthalmic lenses can be for one 
time use or reusable. Because of the Water-soluble nature of 
the polymeric material, after the ophthalmic lens has been 
produced in the mold, the non-crosslinked prepolymer and 
other residues can be removed rapidly and effectively With 
Water, and the molds air-dried. The cross-linking of the 
prepolymer is promoted through exposure of the prepolymer 
to radiation, typically With UV light, and the radiation is 
typically restricted to the mold cavity by a chromium screen. 
Through this common production method, only the prepoly 
mer material in the mold cavity is cross-linked to produce 
the edges of the contact lens With tWo mold halves closed. 
The non-crosslinked prepolymer solution, i.e. the prepoly 
mer not exposed to the radiation, is Washed aWay from the 
shaped and formed contact lens, i.e. cross-linked prepoly 
mer, With Water. 

[0010] There are several methods knoWn in the art to 
include surfactants and other lubricants to mold surfaces to 
facilitate release of the contact lens and minimiZe any 
damage to the formed lens. An example of the use of 
surfactants in the molds is US. Pat. No. 5,542,978, Which 
discloses a method and apparatus for employing a surfactant 
in order to assist in the release from each other of mold 
components of a multi-part mold employed in the molding 
of polymeric articles, such as a hydrophilic contact lenses, 
upon completion of the molding process. The surfactant is 
applied in the form of a ?lm or coating on surface portions 
of one of the mold components to facilitate both the disen 
gagement betWeen the mold components during demolding 
and the removal of excess polymeric molding material 
adhesively deposited on mold surfaces. 

[0011] In addition, WIPO application WO 00/76738 
relates to the preparation of molds for the production of 
contact lenses. The patent teaches the use of a hard organic 
coating for the purpose of protecting a disposable plastic 
mould from attach by monomers used in the lense polymer 
formulation. The present invention differs, because it claims 
a plasma treatment for reusable moulds instead of disposable 
moulds and uses lenses materials not having destructive 
monomers. 

[0012] Several problems arise When plastic moulds are 
used to make contact lenses. One problem is called “bub 
bling”. Bubbling occurs When the polymer is dispensed into 
the mould—if the surface of the mould is not correctly 
treated, bubbles may form betWeen the polymer and the 
mould surface. The bubbles remain after the lens is cured, 
resulting in a defective lens. Bubbles can form at the 
interface betWeen the mold surface and the lens material 
When the lens materials do not have a good Wettability or 
bubbles can be present in the lens materials during the lens 
material preparation. When the mold surface has a good 
Wettability to the lens material, the lens material spreads 
over the mold surface evenly, Which can eliminate the 
possibility of bubble being formed and trapped in the 
interface. 

[0013] A lens made from an improperly treated plastic 
mould can also result in “sticking” to the polypropylene 
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package Which contains the lens for autoclaving and ulti 
mate sale to the consumer. Sticking means that the lens 
adheres to the inner surface of the container Where the lens 
contacts the container, requiring the consumer to apply 
excessive force to remove the lens therefrom. The excessive 
force can result in damage to the lens. The surface of the 
formed ophthalmic lens can depend on the surface of the 
mold to Which the lens material is formed. In other Words, 
the hydrophobic surface tends to make the ophthalmic lens 
surface rather hydrophobic, Which makes good contact to 
the packaging material, in this case, polypropylene. In other 
case, if the air (or bubbles) are present at the interface, the 
surface of the lens may be less cured leaving the surface 
groups rather mobile. This can contribute to sticking to the 
polypropylene packaging surface. So, if the mold surface is 
a right selection to the lens material, the interface can be 
rather simple, i.e., mold and lens material. The lens surface 
Will not have active mobility at the surface. Finally, if the 
plastic mould is intended to be reusable, the coating must be 
durable enough to Withstand repeated manufacturing cycles 

[0014] Accordingly, it Would be advantageous to provide 
an apparatus and method for producing ophthalmic lenses in 
a reusable mold that does not produce lenses having bubbles 
or sticking or Which alloWs the production of a large number 
of commercial grade contact lenses from reusable plastic 
moulds. It is to the provision of such an improved apparatus 
and method for the production of ophthalmic lenses, and 
speci?cally contact lenses, that the present invention is 
primarily directed. 

SUMMARY OF THE INVENTION 

[0015] The lens is a plastic mould for producing an 
ophthalmic lens having a male part and a female part, the 
male part having a male surface and the female part having 
a female surface, Wherein either the male surface, the female 
surface or both surfaces are treated to have a contact angle 
of less than 60 degrees but greater than 0 degrees. The mould 
surface may be treated With a mould coating such as plasma. 
Preferably, the plastic mould is reusable and the lenses 
resulting there from do not exhibit bubbling or sticking. 
Ideally, the polymeric formulation used to make the lens is 
free of monomer Which reacts With the surface of an 
untreated plastic mould. 

[0016] The present invention also provides a method for 
the production of ophthalmic lenses including the steps of: 
curing a polymeriZable material in a mould to form an 
ophthalmic lens, Wherein the mould has a male part and a 
female part, the male part having a male surface and the 
female part having a female surface, Wherein either the male 
surface, the female surface or both surfaces are treated to 
have a contact angle of less than 60 degrees but greater than 
0 degrees. 

[0017] It is therefore the primary object of the present 
invention to provide an apparatus and method for producing 
ophthalmic lenses, and preferably contact lenses, Which 
facilitates the removal of the ?nished lens from the mold and 
Which reacts With the surface of the lens-forming material 
Within the mold, in order to avoid bubbling and sticking. The 
chemical structure of either the surface of the mold cavity 
and/or the surface coating is changed so that the surface 
becomes non-reactive, and interacts With the lens polymer 
formulation to reduce bubbling and stickiness. The present 
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inventive apparatus and method thus represents an economic 
advantage in the manufacture of high quality ophthalmic 
lenses as commercial grade lenses can be consistently pro 
duced in a reusable mold With minimal defects due to 
removal of the lens from the mold. Preferably, the mould 
Will Withstand at least 10 manufacturing cycles, more pref 
erably 100, most preferably 1000 cycles or more. 

[0018] Other objects, features, and advantages of the 
present invention Will become apparent after revieW of the 
hereinafter set forth Brief Description of the DraWings, 
Detailed Description of the Invention, and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a perspective vieW of a male-female mold 
for an ophthalmic lens With an irradiation source irradiating 
the surface of the female part of the mold. 

[0020] FIG. 2 is a perspective vieW of the male-female 
mold of FIG. 1 closed With a polymer material held Within 
a lens-forming cavity. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0021] The lens is a plastic mould for producing an 
ophthalmic lens having a male part and a female part, the 
male part having a male surface and the female part having 
a female surface, Wherein either the male surface, the female 
surface or both surfaces are treated to have a contact angle 
of less than 60 degrees but greater than 0 degrees. The mould 
surface may be treated With a mould coating such as plasma. 
Preferably, the plastic mould is reusable and the lenses 
resulting there from do not exhibit bubbling or sticking. 
Ideally, the polymeric formulation used to make the lens is 
free of monomer Which reacts With the surface of an 
untreated plastic mould. 

[0022] The plastic mould also has a lens-forming cavity of 
the mold Which selectively receives a lens-forming poly 
meriZable material to be cured therein to create the lens. 

[0023] The mold itself can be comprised of plastic, pref 
erably from the group of polymethylacrylate, polycarbonate, 
polystyrene, nylons, polyesters, polyole?ns, polysulfone, 
polyacrylate, polyethylene, polypropylene, or polyvinyl 
chloride and Zeonex®. Alternately, the mold can be com 
prised of other hard, clear materials Which alloW UV curing 
of the lens forming material held Within the lens-forming 
cavity. 

[0024] The plasma coating to perform such tasks can be 
formed from the monomer groups consisting of diaminocy 
clohexane, vinylpyrrolidone, silane monomer, such as trim 
ethylsilane (TMS), or a mixture of trimethylsilane and 
oxygen, a mixture of trimethylsilane and nitrogen, a mixture 
of trimethylsilane, oxygen, and nitrogen. As non-plasma 
coating to perform a similar effect can be a LBL (layer-by 
layer) from the group of polymers, polyethylene imine, a 
mixture of polyethylene imine /PAAm, NH2-polyvinylalco 
hol. Or diamond like carbon (DLC) coating can also be used 
for this application. Most preferably, the plasma is from a 
mixture of trimethylsilane and oxygen and nitrogen, or a 
DLC or exBemex. The treatment can be any material that 
exhibits a Water contact angle of less than 60 degrees but 
greater than 0 degrees. 
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[0025] The surfaces of the mold cavity are treated such 
that at least the female mold surface preferably has a Water 
contact angle less than 60 degrees but greater than 0 degrees. 
Preferably, the mold surface has a contact angle less than 40 
degrees but greater than 0 degrees. Contact angle is prefer 
ably measured using the Sessile drop method, typically 
using a Kruss G 40 system and Water of surface tension 
71,35 mN/m. The contact angle measurements are typically 
performed 30, 60, 90, 120 and 150 seconds after the drop is 
placed on the sample sheet. With those values an extrapo 
lation for the contact angle at t=0 seconds is performed. The 
mean value of the sample sheet Was calculated by ?ve of 
these extrapolated values. 

[0026] In addition, the treatment should be uniform over 
the surface of the mould, completely covering the mould 
surface. The uniformity of the surface can be measured 
using the Wihelmy method, typically using a Kruss K121 
measurment system at 20° C. 

[0027] With reference to the ?gures in Which like numer 
als represent like elements throughout, FIG. 1 is a perspec 
tive vieW of a male-female mold 10 for the molding of an 
ophthalmic lens, such as a contact lens. The mold 10 is 
comprised of an upper male part 12 and a loWer female part 
14. The male part 12 has convex projection With the male 
surface 16, and the female part 14 has a concave recess With 
the female surface 20 of the mold 10. The male surface 16 
can have a coating 18 and the female surface 20 can likeWise 
have a coating 22 Where the coating 18 and 20 facilitate in 
the release of the ophthalmic lens produced in the mold 10. 
While a single lens-forming mold 10 is shoWn here, the 
present invention can be used With many molds together, 
such as is common in a mold tray as is knoWn in the art of 
manufacturing ophthalmic lenses. 

[0028] As shoWn in FIG. 2, the male part 12 and female 
part 14 are placed in proximate relation to each other to 
create a lens-forming cavity 28 that selectively receives a 
lens-forming material 30 to be cured therein to create the 
lens. The male part 12 is moved doWnWard, in the direction 
of arroW A, after the lens-forming material 30 is placed 
Within the female surface 20 of the mold 10 Whereby the 
male surface 16, or male surface coating 18 if present, touch 
the lens-forming material to create the concave portion of 
the formed lens. Such method of curing a monomeric or 
polymeric material is Well knoWn in the art of the manu 
facture of contact lenses. Importantly, the polymeric mate 
rial should be of a type Free of monomers that Would attack 
or degrade the plastic mould in any Way. The male part 12 
and female part 14 of the mold 10 can be made of a clear 
plastic resin that alloWs the transmission of UV or other 
irradiation to cure the lens-forming material 30, thus liking 
the monomer or polymer to a solid or semi-solid state. 

[0029] The mold 10 can be comprised of a clear resin or 
plastic, and the plastic is preferably from the group of 
polymethylacrylate, polycarbonate, polystyrene, nylons, 
polyesters, polyole?ns, polysulfone, polyacrylate, or poly 
vinylchloride. The plasma comprising the coating is prefer 
ably selected from the group comprised of diaminocyclo 
hexane, polyvinylpyrrolidone, a mixture of trimethylsilane 
and oxygen, a mixture of trimethylsilane and nitrogen, a 
mixture of trimethylsilane, oxygen, and nitrogen, polyeth 
ylene amine, a mixture of polyethylene amine /PAAm, 
NHz-polyvinylalcohol, and DLC exBemex. Most prefer 

Nov. 7, 2002 

ably, the plasma coating is either is a mixture of trimethyl 
silane, oxygen, and nitrogen, polyethylene amine, or DLC 
exBemex, as those coating tend to have the best release and 
curing characteristics. 

[0030] The invention also relates to a method of making a 
mould comprising the steps of treating a male surface or 
female surface of a reusable plastic mould With a plasma, 
Wherein said plasma renders the surface of the reusable 
plastic mould more hydrophilic than the pre-treated male or 
female surface. 

[0031] While there has been shoWn a preferred embodi 
ment of the present inventive apparatus and method, it 
should be understood that certain changes may be made in 
the arrangement of the elements of the apparatus, materials 
used, and steps of the method Without departing from the 
spirit and scope of the invention as is particularly set forth 
in the claims. 

We claim: 
1. An article, comprising: 

a reusable plastic mould for producing an ophthalmic lens 
having a male part and a female part, the male part 
having a male surface and the female part having a 
female surface, Wherein either the male surface, the 
female surface or both surfaces are treated to have a 
contact angle of less than 60 degrees but greater than 0 
degrees. 

2. The article of claim 1, Wherein either the male part or 
the female part are plastic. 

3. The article of claim 2, Wherein the plastic is selected 
from the group consisting of polymethylmethacrylate, poly 
carbonate, polypropylene, polyethylene, Topas arid Zeonex. 

4. The article of claim 1, Wherein the male surface, the 
female surface or both surfaces are treated With plasma. 

5. The article of claim 4, Wherein the plasma is selected 
from the group consisting of diaminocyclohexane, vinylpyr 
rolidone, trimethlysilane, mixtures of trimethylsilane and 
oxygen, and mixtures of trimethylsilane and nitrogen. 

6. The article of claim 5, Wherein the plasma is a mixture 
of trimethylsilane and oxygen. 

7. The article of claim 1, Wherein the female surface, the 
male surface or both are coated With polyethylene amine, a 
combination of polyethylene amine /PAAm, NH2-polyviny 
lalcohol, and a diamond like carbon coating. 

8. The article of claim 1, Wherein the Water contact angle 
is less than 40 degrees but greater than 0 degrees. 

9. The article of claim 1, Wherein the treatment covers the 
mold surface uniformly. 

10. Amethod of producing an ophthalmic lens comprising 
the steps of: 

curing a polymeriZable material in a mould to form an 
ophthalmic lens, Wherein the mould has a male part and 
a female part, the male part having a male surface and 
the female part having a female surface, Wherein either 
the male surface, the female surface or both surfaces 
are treated to have a contact angle of greater than 60 
degrees but greater than 0 degrees. 

11. The method of claim 10, Wherein the mould is 
reusable. 

12. The method of claim 10, Wherein the polymeriZable 
material is cured by UV radiation. 

13. The method of claim 10, Wherein the mould is secured 
by a tray having other moulds. 
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14. An ophthalmic lens made according to the method of 
claim 10. 

15. The method of claim 10, Wherein the polymeriZable 
material is free of monomer. 

16. The method of claim 10, Wherein the polymeriZable 
material is non-reactive With an untreated mould. 

17. A method of making a mould comprising the steps of: 

treating a male surface or female surface of a reusable 
plastic mould With a plasma, Wherein said plasma 
renders the surface of the reusable plastic mould more 
hydrophilic than the pre-treated male or female surface. 
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18. The method of claim 17, Wherein the plastic is 
selected from the group consisting of polymethylmethacry 
late, polycarbonate, polypropylene, polyethylene, Topas and 
ZeoneX. 

19. The method of claim 17, Wherein the plasma is 
selected from the group consisting of diaminocycloheXane, 
polyvinylpyrrolidone, mixtures of trimethylsilane and oXy 
gen, and miXtures of trimethylsilane and nitrogen. 

20. The method of claim 17, Wherein the mould is 
reusable. 


